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F O R E W O R D 
The ASI Workshop on "Selectivities in Lewis Acid Promoted Reactions" held in 
the Emmantina-Hotel in Athens-Glyfada, Greece, October 2-7, 1988 was held 
to bring some light into the darkness of Lewis acid induced processes. 
As such the Workshop reflects some current trends in organic synthesis, where 
Lewis acids are becoming a powerful tool in many different modern reactions, 
e.g. Diels-Alder reactions, Ene reactions, Sakurai reactions, and in general 
Silicon and tin chemistry. 
The objective of this meeting was to bring together most of the world experts in 
the field to discuss the major reactions promoted by Lewis acids. 
Organic synthesis will play a major role in this book connected with some 
fundamental mechanistic work on allylsilane and -tin chemistry. Both natural 
product synthesis and unnatural molecules are presented in the chapters. 
The book presents all the 15 invited lectures and the contributions of 15 posters. 
I am confident that the material presented in this book will stimulate the 
chemistry, which has been discussed on our meeting, around the world. 
The meeting and the book were only possible through a grant of the NATO 
Scientific Affairs Devision and financial Support by the following companies: 
Kali Chemie (Hannover, W-Germany), E. Merck (Darmstadt, W-Germany), 
Sandoz (Basel, Switzerland), Schering (Berlin, W-Germany). 
I grateful acknowledge the help of the Organizing Committee Dr. Jürgen 
Graefe and Prof. Horst Kunz. In addition, many thanks are due to the graduate 
students of my group in Hannover, especially to Dr. Christos Allagiannis, who 
has done an excellent job in organizing most of the things on his home ground in 
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CONTROL OF ELECTROPHTLICITY IN ALIPHATIC FRIEDEL CRAFTS REACTIONS 
Herbert Mayr 
I n s t i t u t für Chemie der Medizinischen Universität zu 
Lübeck, Ratzeburger A l l e e 160, D-2400 Lübeck 1, 
Federal Republic of Germany 
ABSTRACT. Lewis acid promoted additions of a l k y l h a l i d e s , a c e t a l s 
and related Compounds to a l i p h a t i c TT Systems (e.g. R-X + ^ C=C^—*• P^X) 
represent a straightforward method f o r the for m a t i o n o f CC-'bonds, 
i f the consecutive addition of the 1 :1 adduct to another alkene molecule 
can be i n h i b i t e d . This a r t i c l e describes how the r e l a t i v e e l e c t r o p h i l i -
c i t i e s of reaetants RX and products PX may be controlled by nature and 
quantity of the Lewis a c i d . Model studies on e l e c t r o p h i l i c additions of 
diarylmethyl Chlorides to alkenes reveal that a c a t a l y t i c amount of a 
(weak) Lewis ac i d has to be used i f the reactant RX ionizes to a greater 
extent than PX, whereas an equimolar amount of a strong Lewis acid i s 
needed i f PX ionizes more r e a d i l y than RX. Examples demonstrating the 
app l i c a t i o n ränge and l i m i t a t i o n s of these rules are presented. 
1 . CHEMOSELECTIVITY IN AROMATIC AND ALIPHATIC FRIEDEL CRAFTS REACTIONS 
1.1. Reaction Control by Relative N u c l e o p h i l i c i t i e s of Reaetants and 
Products 
The problem of r e a c t i v i t y control i n aromatic P r i e d e l Crafts reactions 
i s treated i n almost any undergraduate textbook. I t i s w e l l known that 
Lewis a c i d promoted reactions of acy l Chlorides with arenes y i e l d 
monoaeylation products predominantly, since the complex 1 i s less 
6
o ic i 3 0 -
m c i , ^ (rici , ] ^ 
H i s h e r a l k y l a t e d 
produc t s 
1 2 3 
4 5 6 7 
Figure 1. Chemoseleetivity Control i n Reactions with Nucleophilic Products. 
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n u c l e o p h i l i c than the nonacylated precursor 2. On the other hand, 
F r i e d e l Crafts a l k y l a t i o n s of arenes usually give r i s e to the formation 
of polyalkylated Compounds, since 3 i s more n u c l e o p h i l i c than 2. The r a t i o -
n a l i z a t i o n of these r e s u l t s on the basis of the r e l a t i v e n u c l e o p h i l i c i t i e s 
of reaetants and products appears straightforward to us, as we are 
familiär with the el e c t r o n i c e f f e c t s of d i f f e r e n t s u b s t i t u e n t s on 
aromatic r i n g s . 
A r e l a t e d s e l e c t i v i t y problem arises i n addition reactions of 
unsaturated a l k y l d e r i v a t i v e s . The example shown on the bottom of 
Figure 1 i l l u s t r a t e s that the 1 :1 produet 6 can only be generated i n 
reasonable y i e l d , i f the n u c l e o p h i l i c i t y of 5 i s higher than that 
of M and 6.1 An estimate for the r e l a t i v e n u c l e o p h i l i c i t i e s of O l e f i n i c 
TT Systems i n such reactions can be derived from the recently determined 
r e a c t i v i t y r a t i o s of alkenes and alkynes towards arylcarbenium i o n s . 2 
An a d d i t i o n a l s e l e c t i v i t y problem encountered i n the reaction of 4 with 
5 - Compound 6 does not only incorporate a nu c l e o p h i l i c but also an 
e l e c t r o p h i l i c center - w i l l be discussed i n the next section. 
1.2. Reaction Control by Relative E l e c t r o p h i l i c i t i e s of Reaetants 
and Products 
In a l i p h a t i c F r i e d e l Crafts reactions of type (1), we generally face 
the S i t u a t i o n that one of the reaetants as w e l l as the produet possesses 
e l e c t r o p h i l i c properties. As i n the reactions discussed before - and i n 
any other reaction - only those products can accumulate i n the reaction 
mixture, which are l e s s reactive than the s t a r t i n g materials. Now, i t 
i s the r e l a t i v e e l e c t r o p h i l i c i t y of R-X and R-C-C^X, which controls the 
course of the reaction. I f b i f u n c t i o n a l e l e c t r o p h i l e s are produced 
(eq.2), the r e a c t i v i t i e s at both positions of the 1:1 produet have to 
be compared with the r e a c t i v i t y of the reactant R-CHX2. The competition 
S i t u a t i o n encountered i n both reactions 1 and 2 i s i l l u s t r a t e d on the 
bottom of Figure 2: The reactant, which may be predominantly covalent 
(RX) or i o n i c ( R + ) , and the produet (PX or P +) compete fo r the ir nucleo-
p h i l e , and since we intend to produce the 1 :1 products PX/P +, we have 
to search f o r conditions under which RX/R+ i s more reactive than PX/P +. 
\ / tnxn] | | R-X + C—C • R—C-C—X (1) / \ I I 
H I \ / R—C-X + C=C I / \ X 
cnxn] 





H I I I R—C-C-C—X I I I X 
p-x + nx„ 
II 
(2) 
\ / + C=C / \ Hiaher 
Rdducts 
Figure 2. Chemoselectivity Control i n Reactions with E l e c t r o p h i l i c Products. 
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2. MODEL STUDIES ON THE CONTROL OF RELATIVE ELECTROPHILICITIES OF 
ALKYLATING AGENTS BY LEWIS ACIDS 
Lewis acid i n i t i a t e d reactions of diarylmethyl Chlorides with alkenes 
are suited f o r model studies, since many of these reactions give 1 :1 
adducts i n quan t i t a t i v e y i e l d . K i n e t i c 3 as w e l l as thermochemical1* 
inve s t i g a t i o n s of these reactions have been r e p o r t e d . Competition 
experiments (Figure 3) have now been used to determine the influence of 
Lewis acids on the r e l a t i v e e l e c t r o p h i l i c i t i e s of diarylmethyl d e r i -
v a t i v e s . 5 When a small amount of an alkene i s added to a mixture of two 
diarylmethyl Chlorides i n presence of BC1 3, the r e l a t i v e r e a c t i v i t y of 
the two competitors can be derived from the r a t i o of the two 1 :1 products. 
[BCI3]/I[RCl] 
Figure 3. Relative R e a c t i v i t y of two Diarylmethyl Chlorides towards 
2-Methyl-1-pentene i n CH 2C1 2 at -70°C as a Function of the Lewis Acid 
Concentration. 5 
Figure 3 shows that i n presence of excess BC1 3, the methoxy sub-
s t i t u t e d Compound i s 7.2 times more reactive than the methoxy methyl 
substituted benzhydryl d e r i v a t i v e . Under these eonditions, both Compounds 
are f u l l y ionized, and we observe the higher r e a c t i v i t y of the l e s s 
substituted carbenium ion. When the concentration of BC1 3 i s reduced, 
the r e a c t i v i t y r a t i o i s reversed, and when only c a t a l y t i c amounts of 
BC1 3 are present, the r e a c t i v i t y r a t i o becomes 0.18. Now, a low concen-
t r a t i o n of the l e s s s t a b i l i z e d carbenium ion (CH 30-substituted) competes 
with a high concentration of the better s t a b i l i z e d carbenium ion (CH 30, 
24 
CH 3-substituted), and as sho-wn by Figure 3 ( l e f t ) , the produet r a t i o 
r e f l e c t s the r e l a t i v e concentrations of the carbenium ions, not t h e i r 
i n t r i n s i c addition rates. 
Pr2CHCl 
RnPhCH+\* 
$AAG * = 2 . 7 k J / m o l 
AG ? = 4 3 . 6 k J / m o l b 
AG * = 4 7 . I k J / m o l 
\AAG°=6.2kJ/mol 
R n T o l C H * ^ \ \ 
a) Ref. 4 
b) From measurements 
at various temperatu-
res; ki/ka ( d i r e c t l y 
determined at 203 
K) = 7.07; Ref. 3a. 
Figure 4. Energy P r o f i l e s f or the Additions of p-Methoxy and of p-Me-
thoxy-p f-methyl-benzhydryl Chloride towards 2-Methyl-1-pentene (-70°C). 
A quantitative d e s c r i p t i o n of t h i s behavior i s given i n Figure 4. 
Whereas the competition constant observed i n presence of excess BC1 3 
can be derived from the known addition rate constants of the two carbenium 
ions (AAG" = AGi* - AG 2"), a Curt i n Hammett S i t u a t i o n i s encountered i n 
presence of c a t a l y t i c amounts of Lewis ac i d . Now, the r a t i o of the two 
in d i v i d u a l rate constants has to be mu l t i p l i e d with the equilibrium 




Figure 5. Relative R e a c t i v i t i e s of para-Substituted Diarylmethyl Chlorides 
towards 2-Methyl-1-pentene i n Presence of C a t a l y t i c Amounts of Lewis 
Acid (bottom) and under Conditions of Complete Ionization (top) 
(CH2C12/-70°C).S 
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This example i l l u s t r a t e s that the r e l a t i v e e l e c t r o p h i l i c i t i e s of 
two a l k y l a t i n g agents can be influenced by varying the amount of Lewis 
a c i d . F i g u r e 5 shows that the r e a c t i v i t y differences become quite 
remarkable, when the difference of s t a b i l i z a t i o n of the carbenium ions 
increases. The phenoxy substituted benzhydryl Compound, f o r example, 
i s 5400 times more reactive than the dimethoxy substituted Compound, 
when an excess of BC1 3 i s used, whereas a r e a c t i v i t y r a t i o of 0.016 i s 
observed with c a t a l y t i c amounts of BC1 3. 
Of course, the r e l a t i v e r e a c t i v i t i e s do not only depend on the 
quantity but also on the nature of the Lewis ac i d . Figure 6 shows that 
d i f f e r e n t s e l e c t i v i t y graphs are obtained f o r d i f f e r e n t i o n i z i n g media. 
The abscissa of Figure 6, which represents the i o n i z a t i o n free enthalpy 
of diarylmethyl Chlorides with BCla, 1* can simply be viewed as a carbenium 
ion s t a b i l i t y s c a l e 6 with the highly s t a b i l i z e d carbenium ions on the 
l e f t and the le s s s t a b i l i z e d ions on the r i g h t . The l e f t part of the 
B C l 3 graph corresponds to the upper l i n e i n Figure 5: The r e a c t i v i t y 
increases, when we go from the highly s t a b i l i z e d dimethoxy substituted 
carbenium ion to the l e s s s t a b i l i z e d dimethyl substituted ion. Though 
the r e a c t i v i t y of the diarylcarbenium ions w i l l further increase when 
the p-methyl substituents are replaced by hydrogen or chlorine, the 
gross r e a c t i v i t y of the System i s decreasing. The reason i s that the 
Compounds with weaker donors are not f u l l y ionized so that only low 
concentrations of carbenium ions are present. 
-40 -30 -20 -10 0 10 AG?/ 
Y Y 
Figure 6. Relative R e a c t i v i t i e s of Diarylmethyl Chlorides i n Presence 
of an Excess of Lewis A c i d . 7 
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The dimethoxy substituted benzhydryl Chloride i s also f u l l y ionized 
i n a SnCl H/EtOAc/CH 2Cl 2 Solution, and the r e a c t i v i t y towards 2-methyl-
1-pentene i s i d e n t i c a l as i n the BC1 3/CH 2C1 2 Solution (Figure 6). The 
SnC^/EtOAc/CHjCla mixture does not f u l l y ionize p-methoxy-p'-methyl 
benzhydryl Chloride, however, and t h i s Compound i s somewhat less reactive 
i n SnCl„/EtOAc/CH2Cl2 than i n the BC1 3/CH 2C1 2 Solution. Further reduction 
of the electron releasing a b i l i t y of X and Y causes a r e a c t i v i t y decrease 
i n SnCl^/EtOAc/CHaCla because of the diminishing carbenium ion concen-
t r a t i o n . 
The weak Lewis acid SbCl 3 does not even f u l l y i o n i z e the p,p f-dimeth-
oxy substituted benzhydryl Chloride, and only one branch of the 
SbCl 3/CH 2Cl 2 graph can be seen i n Figure 6. 
We conclude that each Lewis acid/solvent System can be represented 
by a c h a r a c t e r i s t i c graph as shown i n Figure 6. An increase of Lewis 
a c i d i t y i s associated with an increase of the r e a c t i v i t y maximum, 
which i s simultaneously s h i f t e d towards l e s s s t a b i l i z e d carbenium ions. 
In order to design conditions f o r Lewis acid promoted addi t i o n reactions 
we have to locate reaetants and products on the abscissa of Figure 6 
and then select conditions characterized by a graph with k r e i (reactant) 
> krei (produet). 
Q u a l i t a t i v e l y , t h i s procedure can be summarized by two r u l e s . 
Rules for the choice of Lewis acids 
\ / MXn 
R - X + C = C • P - X 
/ \ 
A) Concentration Control 
I f the carbenium ion R* i s better s t a b i l i z e d than P +, 
the s e l e c t i v e formation of 1:1 products requires conditions, 
under which the e l e c t r o p h i l i c r e a c t i v i t i e s are c o n t r o l l e d 
by the r e l a t i v e concentration of R + and P +: 
( C a t a l y t i c amounts of a) weak Lewis ac i d 
B) Addition Rate Control 
I f the carbenium ion R + i s l e s s s t a b i l i z e d than P+, 
the s e l e c t i v e formation of 1:1 products requires conditions, 
under which the e l e c t r o p h i l i c r e a c t i v i t i e s are c o n t r o l l e d 
by the addition rates of R + and P +: 
> Equimolar amounts of a completely i o n i z i n g Lewis acid 
3. SYNTHETIC APPLICATIONS 
3.1. A l k y l Chloride Additions 
Several years ago, we have studied additions of a l k y l Chlorides to 
alkenes i n presence of c a t a l y t i c amounts of Lewis acids (conditions of 
Rule A) and found that 1:1 products are only i s o l a b l e i f the reaetants 
ionize f a s t e r than the products (Figure 7 ) . 8 We have suggested the 
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employment of s o l v o l y s i s rate constants of model Compounds to predict the 
outcome of such reactions: The s e l e c t i v e formation of 1:1 products i s 
only possible i f the r e a c t i v i t i e s of the reaetants are higher than 
the SJJ1 r e a c t i v i t i e s of the products. This Statement, which was r e s t r i c t e d 
to Systems with a small degree of ionization,8»9 i s equivalent to r u l e 
A, since the s o l v o l y t i c r e a c t i v i t i e s (log k s o i v ) are l i n e a r i l y correlated 
with the corresponding i o n i z a t i o n e n t h a l p i e s 1 0 or i o n i z a t i o n free enthal-
p i e s . 6 
S o l v o l y s i s Rates of 1:1 Products 
4 
-J Ph ^ O E t 
ICHjljCHCt — — — — 
JCHjljCCl 35% — — — 
CH, 
Ph-CH-O 
52% 50% 7 1 % 72% — — 
(CH,),C=CH-CHja 32% 27% 65% 75% 10% — — 
Ph-C5C-C(CHj),Ct 67% ( 6 % 93% 9 1 % 67% — — 
P h - a c H , ) , a S8% 65% 7 1 % 7 1 % 64% 56% — 
Ph,CHCt 92% 85% 97% 88% 8 2 % 7S% — 
CHjO-CHjd 47% 70% 60% 75% 64% 37% — 
Ph 
C H p - c H - a 
78% 65% 90% 57% 52% 84% 68% 
Figure 7. Yields of 1:1 Products from Lewis Acid Catalyzed Reactions of 
A l k y l Halides with Alkenes (RX +)>c'- R-Ö-Ö-X).8 
Figure 8 shows an a p p l i c a t i o n of t h i s reaction type i n natural produet 
synthesis. Under conditions of concentration c o n t r o l ( r u l e A), the 
reaction of the cyclohexenyl Chlorides 8 with isoprene terminates at 
the 1:1 produet stage, since the term i n a l l y t r i a l k y l a t e d a l l y l eations 
formed from 8 are better s t a b i l i z e d than the terminally d i a l k y l a t e d 
a l l y l eations, which a r i s e from 9. C y c l i z a t i o n of 9 and successive 
treatment with KOtBu y i e l d s a mixture of ß- and Y 2-muurolene. 1 1 
Y2-muurolene ß-muurolene 
F i g u r e 8. Sy n t h e s i s of Muurolenes v i a ZnCl 2 Catalyzed Reaction of 
P i p e r i t y l Chloride with Isoprene. 1 1 
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F fr fr P°~ f ^ f f 
457. 587. 697. 487. 41Z 137. 
Figure 9. Synthesis of Y-Lactones Using p-Methoxybenzyl Chloride as 
+CH 2-C0 2~ E q u i v a l e n t . 1 2 
A novel Y-lactone synthesis (Figure 9) uses the high SJJ1 r e a c t i v i t y 
of p-methoxybenzyl Chloride to give 1 :1 addition products with a v a r i e t y 
of alkenes. The oxidative degradation of the aromatic r i n g and l a c t o n i -
sation are achieved i n a one-pot reaction, and preliminary experiments 
i n d i c a t e that a-substituted Y-lactones are also accessible by t h i s 
method. 1 2 
A l l synthetic examples, discussed above, have been c a r r i e d out under 
the conditions s p e c i f i e d by r u l e A (concentration c o n t r o l ) . Reactions 
controlled by addition rates (rule B) require the handling of stable 
ion Solutions, and t h e i r p r a c t i c a l use w i l l be r e s t r i c t e d to hi g h l y 
s t a b i l i z e d carbenium ions. An example i s given i n Figure 10, which 
shows that the reaction of the trichlorocyclopropenylium t e t r a c h l o r o -
aluminate with alkenes terminates at the 1 :1 produet stage, since the 
trichlorocyclopropenylium ion i s more e l e c t r o p h i l i c than the b e t t e r 
s t a b i l i z e d a l k y l d i c h l o r o substituted cyclopropenylium i o n . 1 3 With weak 
Lewis acids (concentration control) the formation of 2:1 and 3:1 products 
would be preferred. Treatment of 10 with aqueous bicarbonate Solution 
y i e l d s the chlorocyclopropenones 11, which r e a d i l y undergo n u c l e o p h i l i c 
displacement reactions of the v i n y l i c C h l o r i d e or undergo thermal 
rearrangements with formation of the acetylenic a c i d Chlorides 12. l" 
C 1 i 3 f 1 cv'cl 
- / -< - C H X <I> Ö 
41Z 51* 59* 60Z 561 28JC S3Z 
10 R R* 11 R 1 R« * IE 
Figure 10. Formation of 1 :1 Addition Products from Trichlorocycloprope-
nylium Tetrachloroaluminate and Alkenes. 1 3 
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3.2 Addition Reactions of Acetals, Orthoesters and Related Compounds 
Additions of acetals and orthoesters to enol ethers probably represent 
the most i n t e n s i v e l y studied clas s of Lewis acid promoted reactions i n 
the chemistry of a l i p h a t i c Compounds.1S Since usually c a t a l y t i c amounts 
of BF 3«OEt 2 have been employed, concentration co n t r o l ( r u l e A) should 
predominate. Unlike the solvolyses of a l k y l h a l i d e s , the acid catalyzed 
hydrolyses of acetals and orthoesters do not follow a rate equilibrium 
r e l a t i o n s h i p 1 6 so that the corresponding hydrolysis rates cannot be 
used f o r the analysis of e l e c t r o p h i l i c a d d i t i o n reactions. We have, 
therefore, c a r r i e d out competition experiments to determine r e l a t i v e 
r e a c t i v i t i e s of acetals and orthoesters towards methyl v i n y l ether i n 
presence of c a t a l y t i c amounts of BF 3«0Et 2 (Figure 1 1 ) . 1 7 As the r e a c t i v i t y 
order towards other TT nucleophiles can be expected to be s i m i l a r , the 
k r e l values of Figure 11 can be used to r a t i o n a l i z e or predict the 
r e s u l t s of a c e t a l and orthoester additions: 1 :1 Adducts can only be 
generated s e l e c t i v e l y i f the k r e i values of the designed products 
are smaller than the k r e i values of the reaetants. 
) £ " 1 QCH 
r-> R 2-C-CH g-CrKQCH 3>g 
R E QCH3 
R 3 CBF 3*OEt e3 f \:<QCH3 >2 -2* R 4-C-CH g-CH«:0CH 3)g 
R'4 0CH 3 
" r . i 
CHg(0CH 3)g, CH 3C(0CH 3)3 Vary slow p-Br-C 6H 4-CH<0CH 3) 2 13h 132 
CH3-CH<0CH3>-CHg-CH<0CH3>g 13a 0.184 p-Cl-C 6H 4-CH<0CH 3)g 131 156 
CH 3-CH<0CH 3) g 13b 1.00 p-F-C 6H 4-CHC0CH 3)g 13j 463 
CH 3-CHg-CHC0CH 3) g 13c 2.28 C 6 H 5 " C H < 0 C H 3 ) 2 13k 818 
CH3-CCHg)g-CHC0CH3>g 13d 2.31 p-CH3-C6H4-CH<QCH3>g 131 6.55xl0 3 
<CH3>gCH-CH(0CH3>g 13a 2.38 C 6H 5-CH«CH-CH<0CH 3> 2 13» 3.16xl0 4 
HC(0CH 3> 3 13f 13.1 p-CH 30-C 6H 4-CHC0CH 3)g 13n 3.46xl0 4 
CCH3>2C<0CH3>2 139 27.0 CH3-CH=CH-CH(0CH3)g 13o 3.61xl0 4 
Figure 11. Relative R e a c t i v i t i e s of Acetals and Orthoesters towards 
Methyl V i n y l Ether (BF 3«0Et 2,CH 2Cl 2, -70°C). 1 7 
The f i v e f o l d r e a c t i v i t y preference of 13b over 13a explains that additions 
of a l i p h a t i c acetals to a l k y l v i n y l ethers may be terminated at the 1 :1 
produet stage, but because of the small r e a c t i v i t y difference an excess 
of acetal i s required to obtain high y i e l d s of 1:1 a d d u c t s . 1 8 The 
aromatic and a,ß-unsaturated acetals shown i n Figure 11 are considerably 
more reactive than 13a, and 1:1 products with a l k y l v i n y l ethers are 
also formed i n good y i e l d , when the acetals and v i n y l ethers are employed 
i n equimolar amounts. 1 9 
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The f a i l u r e to obtain 1:1 adducts from saturated aldehyde acetals 
and 2-propenyl ethers can be explained by the k r e i value of k e t a l 13 g , 
which i s higher than that of aldehyde a c e t a l s . 1 7 As expected from the 
large r e a c t i v i t y difference between 13k and 13g, benzaldehyde dimethyl-
a c e t a l (13k) was found to give a high y i e l d of 1:1 produet with 1 4 , 2 0 
and unsaturated acetals were reported to behave s i m i l a r l y . 2 1 Further 
l i t e r a t u r e data have been shown to be i n aecord with the data presented 
i n Figure 1 1 . 1 7 
OCH3 N R H OCH3 OCH3 
R_C^0CH 3 • = / ° 3 »F.-OEt.], R . l _ C H e . l . C H a <for R - flryl. P l k e n y l 
\ \ H , l U 3 n o t f l l k y l ) 
13 14 15 
A. change of the r e a c t i v i t y order i n Figure 11 takes place i f 
conditions of addi t i o n rate control are employed. Hosomi, Endo and Sakurai 
s t u d i e d the r e a c t i o n of t r i e t h y l orthoformate with a l l y l t r i m e t h y l -
s i l a n e i n presence of equimolar amounts of T i C l , , . 2 2 As expected f o r 
conditions of addition rate c o n t r o l , the homoallylic a c e t a l was found 
to be more reactive than e t h y l orthoformate, and only a 2:1 produet was 
i s o l a t e d . When we repeated t h i s reaction with c a t a l y t i c amounts of 
SnCl„, the homoallylic acetal was obtained i n 51$ y i e l d . In a s i m i l a r 
way the other ß, Y-unsaturated acetals shown i n Figure 12 were synthesized 
under conditions of concentration c o n t r o l . 2 3 
A d d i t i o n R a t e C o n t r o l 
1.1 «q-L J 
C o n c e n t r a t i o n C o n t r o l 
, i H 
? R . ? ZnCl« .... i 
•OR • <R0). 
o r S n C l 4 <eat.) R 
73Z 4BZ BIZ 
Figure 12. Lewis Acid Promoted Reactions of Orthoformates with A l l y l -
s i l a n e s . 
Dichloromethyl methyl ether, a p o t e n t i a l formylating agent with higher 
e l e c t r o p h i l i c i t y , had been reported to give only 2:1 products w i t h 
alkenes. 2 1* This r e s u l t can be explained by concentration c o n t r o l , since 
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17 ionizes to a greater extent than 16. A l l e f f o r t s to formylate alkenes 
with 16 under conditions of addition rate control (excess of strong 
Lewis acids) have been unsuccessful, but i t has been reported that v i n y l 
silanes can be formylated with 16, when 1.2 equivalents of TiCl„ were 
employed. 2 5 We interpreted t h i s r e s u l t by the low i n t r i n s i c r e a c t i v i t y 
of the intermediate a l k o x y a l l y l cation 19 (addition rate control) and 
concluded that 16 should also give 1 :1 products with other Substrates 
i f a l k o x y a l l y l eations are formed as intermediates: The bottom l i n e of 
Figure 13 shows that dialkylacetylenes can be chloroformylated i n t h i s 
way under conditions of additi o n rate c o n t r o l . 2 6 
+ c=c 1 
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T i C l 4 
H.O n 
TiCl« 
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BCl, H Cl 
BC14" 
Figure 13. E l e c t r o p h i l i c Reactions of Chloromethyl Methyl Ether 
Because of the low e l e c t r o p h i l i c i t y of trialkoxycarbenium ions, ortho-
carbonates cannot be used f o r the carboxylation of alkenes. This reaction 
can be achieved with d i c h l o r o a c e t a l s , however. Figure 14 shows that the 
formation of 1 :1 products from 21 and ordinary alkenes requires addition 
rate c o n t r o l : When 21 and isobutene are treated with ZnCl 2 or c a t a l y t i c 
amounts of BC1 3, only the 2:1 products 23 are formed, since 22 ionizes 
to a greater extent than 2 1 . With equimolar amounts of BC1 3, the r e l a t i v e 
r e a c t i v i t i e s of reaetants and products become cont r o l l e d by the addition 
C o n c e n t r a t i o n C o n t r o l 
+ HeC=C ,
C H» ZnCle-Et,0 
BCl,<cat.) 
23 86Z 
A d d i t i o n R a t e C o n t r o l 
6iz 
Figure 1M. E l e c t r o p h i l i c Carboxylation of Isobutene. 2 7 
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rates of the corresponding carbenium ions, and the reactions terminate 
at the 1:1 produet s t a g e . 2 7 Though a series of alkenes has been carboxy-
late d i n t h i s way, 2 7 we prefer to replace 21 by the a e y c l i c chloroacetals 
25, which are r e a d i l y accessible by r a d i c a l i n i t i a t e d c h l o r i n a t i o n of 
the formaldehyde acetals 2 4 . 2 8 Because of the milder workup conditions, 
the y i e l d s of carboxylated alkenes are usually higher than those obtained 
with 2 1 . Figure 15 shows that the reaction of 25 w i t h a l l y l s i l a n e s 
under conditions of additi o n rate c o n t r o l o f f e r s a simple access to 
ß,Y-unsaturated carboxylates. 
Transf«r 
X - H, Cl 24 25 
<ci-Q-o) ecci e + 
2 =^—Sirie 3 
+ R 
R R SnCl 4 R Re * SnClj" + ClSiHe 3 
0 O l 0 0 Ii 0 
B r _ r j A ^ flrV^A. flrV*)*^ flr-rr^V^S Qr-<r\A 
787. 627. 467. 647. 797. 
Figure 15. ß,Y-Unsaturated Carboxylates from Dichloroacetals and A l l y l -
s i l a n e s . 
3.3 Addition Reactions with Consecutive C y c l i z a t i o n s 
A l l examples discussed i n Sections 3.1 and 3.2 follow the simple Scheme 
outlined on the bottom of Figure 2, and the r e s u l t s can be explained by 
considering the competition of RX/R+ and PX/P + for the ir nucleophile. 
This analysis may f a l l , however, i f the a d d i t i o n r e a c t i o n i s part of a 
more complex r e a c t i o n sequence. A well-known example i s the t e r t . 
alkylation of siloxyalkenes with t e r t . a l k y l chloride/Lewis a c i d m i x t u r e s . 3 0 
The rapid d e s i l y l a t i o n of the i n i t i a l l y generated siloxyearbenium ion 
prevents t h i s ion to act as an e l e c t r o p h i l e towards other ir Systems. 
The following two examples from our recent work a l s o i l l u s t r a t e the 
l i m i t a t i o n s of our systematic approach to Lewis acid promoted a l k y l a t i o n s 
of a l i p h a t i c TT Systems. The reaction of cumyl Chloride 26 with tetramethyl-
ethylene i n presence of various Lewis acids gave complex mixtures of 
products, probably because of the s t r a i n generated during the formation 
of the regulär addition produet. Titanium t e t r a c h l o r i d e , however, 
induces a rapid consecutive c y c l i z a t i o n , and the T i C l 4 catalyzed reaction 
of 26 with tetramethylethylene y i e l d s hexamethylindan i n 72$ y i e l d . 3 1 
Since the aromatic r i n g can be oxidized under Ru(VTII) c a t a l y s i s , the 
reaction sequence shown i n Figure 16 allows the construetion of a e y c l i c 
Compounds with adjacent quaternary carbon atoms. 3 1 
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KJ * / \ CH.C1« k ^ C " CCU.CHjCOeH, HO«C-^ 
26 27 " 2« 29 
Figure 16. Construction of Compounds with Adjacent Quaternary Centers. 3 1 
While the ZnCl 2»Et 20 catalyzed reaction of the t r i m e t h y l a l l y l Chloride 
30 with a c e t y l acetone yielded 60$ of the cyclopentadiene 31, attempts 
to s y n t h e s i z e 32-31* analogously gave complex mixtures of products. 
These cyclopentadienes became accessible, however, by the two step 
synthesis shown i n Figure 17. 3 2 By t r i a l and error we found that Compound 
33 can al s o be synthesized (55$) i n one step from 3-methyl -3-penten -2-ol 
and 3-methyl-pentan -2,4-dione and FS03H. In a l l these cases, the sequence 
of elementary reactions i s too complex to allow a simple r a t i o n a l i z a t i o n 
of the r e a c t i o n conditions. 
a> ZnCl e/Et eO/NEt 3; b> FS03H; 
Figure 17. Synthesis of Polymethylated Functionalized Cyclopentadienes. 3 2 
4. OUTLOOK 
Though the l i m i t a t i o n s of a systematic approach to Lewis acid promoted 
reactions have been indicated i n Section 3.3, conditions f o r simple 
addition reactions (Figure 2) can be derived from the model discussed 
i n Section 2. I t may be worth mentioning that the implications of the 
terms "concentration c o n t r o l " and "addition rate c o n t r o l " , which we 
have used f o r our a n a l y s i s , are w e l l known to synthetic chemists carrying 
out base promoted reactions. 
For Michael additions of CH a c i d i c Compounds (e.g. d i e t h y l malonate 
with a,ß-unsaturated ketones) the following recommendations are g i v e n : 3 3 
"When p o s s i b l e , r e l a t i v e l y weak basic c a t a l y s t s such as pi p e r i d i n e . . . 
should be selected. I f stronger bases are required, i t i s normally 
appropriate to use only 0.1 to 0.3 equivalent of the base." The analogy 
of these conditions to those s p e c i f i e d by our r u l e A i s obvious (concen-
t r a t i o n c o n t r o l ) . On the other hand, preformed carbanions (organometallics) 
are u s u a l l y employed when the addend i s more basic than the enolate 
produced by attack at the unsaturated carbonyl Compound. Though the 
nature of the metal ion plays a c r u c i a l r u l e i n many "carbanionic" a d d i t i o n 
r e a c t i o n s , a f i r s t understanding of the p r i n c i p l e s involved can be 
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Figure 18. Analogy Between Acid and Base Promoted Addition Reactions. 
based on the Brrinsted pK a scale, which provides a comparison of the 
b a s i c i t i e s of R~, B and P~. As b a s i c i t y i s known to be correlated with 
n u c l e o p h i l i c i t y , l i n e a r free energy r e l a t i o n s h i p s can be used to derive 
nuc l e o p h i l i c r e a c t i v i t i e s from pK a values. 3** Figure 18 shows that the 
rel a t i o n s h i p between the thermodynamic quantity " a c i d i t y " (carbenium 
ions are Lewis acids!) and the k i n e t i c term " e l e c t r o p h i l i c i t y " i s of 
the same kind as the r e l a t i o n s h i p between " b a s i c i t y " and " n u c l e o p h i l i c i t y " , 
and we are presently working on a q u a n t i f i c a t i o n of t h i s c o r r e l a t i o n , 
hoping that t h i s w i l l provide a deeper understanding of Lewis acid promoted 
additions. 
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